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ABSTRACT 

Forecast data collection, preparation, and analysis continued to be the primary activity of the Pink and 
Chum Salmon Investigations Project during the period July 1, 1990 through June 30, 1991. The 1990 
pink salmon (Oncorhynchus gorbuscha) return to southern Southeast Alaska was 33.8 million, which was 
13.1 million above the upper end of the forecast range. The northern Southeast return of 9.4 million was 
2.6 million above the forecast midpoint, but well within the forecast range of 3.5 to 13.2 million. The 
1991 forecast for southern Southeast Alaska is 72.7 million. Unlike past years, return is now being 
defined as catch plus escapement index times 2.5, instead of catch plus escapement index. The change 
was made to provide a more accurate representation of the spawner: recruit relationship. The northern 
Southeast prediction is for a return of 24.2 million. The return prediction for all of Southeast Alaska is 
98,100,000, which is the largest forecast made since this program was initiated in 1963, and will be the 
largest return in history if it materializes. 

Early marine studies continued in Tenakee Met, and were expanded to include additional sample areas 
in Peril Strait . The relationship between northern Southeast pink suwival (return per index spawner) and 
fry size continues to provide the only reliable means of predicting the pink salmon return to northern 
Southeast Alaska. 



INTRODUCTION 

The Southeast Alaska pink salmon forecast research project was initiated in 1963. This report describes 
project activities during the period July 1, 1990 through June 30, 1991. The general scope of this project 
involves collection, analysis, and reporting of data useful for making preseason forecasts and evaluating 
escapement goals. 

The primary objective of the forecast research project is to improve sampling and analytical techniques 
and to collect background data to provide accurate annual preseason estimates of pink salmon returns to 
northern and southern Southeast Alaska. Annual pink salmon forecasts are of importance to the fishing 
industry, both fishermen and processors, for operational planning, and to fisheries managers for regulatory 
decision making. 

Pink salmon returns to Southeast Alaska have been forecast with variable success since 1967. The 
forecast was initially based on the abundance of fry in the gravel, just prior to out-migration, as measured 
by pre-emergent pumping. In 1965 pre-emergent fry sampling was initiated on selected streams region- 
wide. In 1970 the program was expanded to include 12 new sample areas in seven new streams. In 
1984, the entire southern area pre-emergent program was deleted as a result of budget reductions and, in 
1986, the entire northern area pre-emergent sampling program was deleted, also as a result of budget 
reductions. 

Forecasts made since the elimination of the pre-emergent programs have been based on escapement 
estimates, fry size during their early marine residence, and environmental parameters thought to be 
reflecting freshwater and/or early marine survival. In southern Southeast Alaska numerous environmental 
parameters have been found which exhibit a correlation with survival as measured by retum-per-index- 
spawner. These include: the average daily temperature over the November through February time period 
following spawning (colder temperatures result in lower survival); coldest 14 day moving average of 
minimum daily temperature over this same time period (again colder temperatures reduce survival); and 
the last day of the coldest 14 day temperature noted above (early season cold spells result in lower 
survival than equally cold periods later in the winter). Predictions to southern Southeast Alaska during the 
1987 through 1990 time period were made by utilizing the environmental parameters which provided the 
highest overall correlation coefficient when combined with the brood year escapement index in a linear 
regression to predict return. Although this method provided reliable hindcasts between 1967 and 1986, 
it has not provided reliable forecasts between 1987 and 1990. The actual return of pink Salmon to 
southern Southeast Alaska has fallen outside of the 80% confidence interval for the last four consecutive 
years. Consequently, the 1991 prediction was based on a modified 3-parameter Ricker model. 



In northern Southeast Alaska the relationship between environmental parameters and the brood year 

escapement index has never provided a reliable prediction Consequently, returns to northern Southeastern 
are forecast utilizing the relationship between the size of fry collected during the early marine program 
in Tenakee Inlet and their subsequent adult return. 

This report describes the 1990 return, presents the 1991 pink salmon forecast, and summarizes the data 
collected during the Early Marine program in the spring of 1990. Specific project objectives were to: 

1. Continue adding to a historical database to be used for developing techniques for reliable forecasts 
of the pink salmon returns to the benefit of the resource, fishermen, processors, and fisheries 
managers. 

2. Measure abundance, and growth of pink and chum salmon fry in marine nursery areas in Tenakee 
Inlet and Peril Strait and relate this data to abundance of returning adults. 

PINK SALMON FORECASTS 

Methods 

Returns to the southern and northern areas of Southeast Alaska are forecast separately. Adult tagging 
studies (Verhoeven 1952, Hoffman et al. 1983) have shown little overlap in migration routes for returns 
to these two areas and production appears to vary independently. While there are differences in the odd 
and even year returns, all years were included in the forecast models because neither southern nor northern 
Southeast Alaska has ever exhibited a long term "odd" or "even" year cycle (Figure 1). The southern area 
encompasses Districts 101 through 108, and the northern area encompasses Districts 109 through 115. 

Escapement estimates for northern and southern Southeast Alaska are obtained by summing the individual 
district escapement indices in each area. The district escapement indices are calculated by summing the 
highest escapement count made on each stream surveyed in the district and adjusting for the number of 
streams not sumeyed within that district. The number of streams in each district is defined as the number 
of streams for which an escapement count is available at least once during the 1960 through 1990 time 
period. The number of streams not surveyed in each district is multiplied by the average escapement 
count to all streams within that district with a peak escapement count of under 10,000 pinks. Escapement 
index estimates for each district are recalculated for all years each year to insure that the expansion factor 
used to correct for unsurveyed streams is consistent between years. The majority of escapement counts 



are made by management biologists during routine aerial surveys. Weir counts are not included in the 

calculation since the data is only available for a few years, and the counts represent total escapements 
rather than index counts. The escapement index is multiplied by 2.5 to convert the index to an estimate 
of the total escapement. The expansion factor of 2.5 was obtained from a study by Dangel and Jones 
1988, in which they determined that aerial observers were counting an average of 40% of the fish present 
in a stream. This is considered a minimum estimate since it does not include an expansion for stream life; 
consequently, fish which have died and drifted out of the river, and those which have not yet entered the 
stream on the date of the peak count, are not accounted for. 

The southern Southeast Alaska forecast for 1991 was based on 24 years of data (1967 through 1990). We 
used a modified Ricker model of the form 

where: R is the return 
E is the escapement index 
WT is the winter temperature index 
PE is the sum of the previous 2 brood year escapement indices 
E is the error term 

The 80% prediction interval was calculated as follows: 

where 01=.2, z.,=l.28, and STDI is the standard error of the prediction from the model fit. 

The northern Southeast Alaska forecast was based on multiple linear regression analysis with the size of 
fry in Tenakee Inlet and the brood year escapement as independent variables. The regression was run 
using log of the return and log of the escapement index because of a curvilinear component in the model. 



Results and Discussion 

The pink salmon return to southern Southeast Alaska in 1990 was 33.8 million fish (Table 1) which was 
20.7 million above the forecast midpoint of 13.1 million (Hofmeister 1990). The escapement index in 
southern Southeast in 1990 was 7.1 million, which was within our goal range of 6.0 to 9.0 million (Figure 
2 ) . The escapement was not well distributed, however, since streams in the Ketchikan management area 
(districts 101 through 103) were above goal levels while those in the Petersburg management area (districts 
105 through 107) were below goal levels (Table 2). The northern Southeast Alaska return of 9.4 million 
(Table 1) was 2.6 million above the forecast midpoint, but within the 80% confidence range of 3.5 to 13.2 
million (Hofmeister 1990). The 1990 escapement index in northern Southeast was 3.8 million (Table 3). 
The escapements in Districts 109 through 112 were very close to goal levels, while those in Districts 113 
and 114 were only approximately half of the desired goal levels (Figure 3). 

Southern Southeast Alaska 1990 Forecast Evaluation 

This was the fourth consecutive year in which the return to southern Southeast Alaska came in well 
outside the forecast range. The returns in 1987 and 1988 were both ove~stimated, while the return in 
1989 and 1990 were both underestimated. Figure 4 is a graph of the results of predicting the return to 
southern Southeast using escapement indices and winter temperatures as independent variables in a 
multiple linear regression. The graph show the results of including return years 1967 through 1986 into 
the regression model and predicting the returns from 1987 through 1990. It shows that while the model 
worked reasonably well over the first 20 years, it provides exceptionally poor predictions over the last four 
years. The total error (sign ignored) over the first 20 years was 97 million, for an average error of 4.8 
million per year. The total error over the last four years was 171 million for an average error of 42.8 
million per year. 

The above problem was noted at the time of the 1990 prediction (Hofmeister 1990). A third variable (sum 
of the previous two brood year escapements) was proposed as a partial explanation for the large error in 
1989. Including the sum of the previous two brood year escapement indices into the regression model 
reduced the underestimate of the 1989 return from 28 million to 17 million (Figure 4). The decision 
against using the new variable was based on the fact that it provided very little change in the prediction 
over the first 20 years, reducing the overall error (sign ignored) from 97 to 93 million. With the benefit 
of hindsight, it is apparent that the variable should have been included. The 1990 prediction, based only 
on the escapement index and winter temperatures, was 13.1 million. If the new variable had been included 
in the regression, the prediction would have increased to 30.5 million, which is much closer to the actual 
1990 return of 33.8 million. 



Figure 4 shows that even with the new variable, large emrs  still occur in the 1987 and 1988 predictions. 

The error in 1987 was not completely unexpected because the winter temperatures were well below 
average and the escapement index was the second highest of the study period. This was recognized at 
the time of the 1987 prediction and the official prediction was for a return of only 27 million (Eggers and 
Dean 1987) rather than the 65 million shown on Figure 4. The narrative section of the 1987 prediction 
publication (Eggers and Dean 1987) stated that "It is very possible that the regression analysis utilized for 
the 1987 prediction over-estimated the influence of escapements and underestimated the influence of 

environmental conditions. Consequently, if there is an error in the 1987 prediction it is expected to be 
in the direction of over-estimating the return" While environmentally induced, density independent 

mortality could account for the error in 1987; it can not explain the large error in 1988. The brood year 
escapement index was the highest of the study period and winter temperatures were above average. 

Figure 5 is a graph of the spawner:recruit relationship for southern Southeastern. It shows that the two 
years with the largest escapements experienced very low survival. Figure 5 is not, however, a typical 
Ricker curve, since it is almost a straight line increase through escapement levels of 22 million followed 
by a steep drop when escapements exceeded 30 million. It will take additional years of data, with 
escapement levels above 22 but below 30 million to determine if overescapement was the cause of the 
poor returns in 1987 and 1988. 

Northern Southeast Alaska 1990 Forecast Evaluation 

The 1990 return forecast to northern Southeast Alaska was 6.8 million (Geiger 1990). The actual return 

came in at 9.4 million (Table I), well within the forecast range of 3.5 to 13.2 million. The forecast for 
1990 was the first to make use of the Tenakee Inlet fry size information. Fry size information is now 

available from the Tenakee Inlet Early Marine Program from 1979 through 1990. Figure 6 shows the 
relationship between Tenakee Inlet fry size, brood year escapements and returns. Unlike southern 

Southeast Alaska the northern Southeastern prediction model does not have any obvious outlier years. 

Southern Southeast Alaska 1991 Forecast 

The 1991 pink salmon forecast is 72.7 million with an 80% confidence range of 38.0 to 107.4. The 
relationships between brood year escapement indices, winter temperatures, and the sum of the previous 

two brood year escapement indices, provides a reasonably accurate prediction from 1967 through 1990 
(R' = .79), provided that return years 1987 and 1988 are omitted from the model. When they are included 
in the linear regression model, the R' drops to .41. A desire to include all years of data (1967 through 
1990) into the model resulted in attempting to fit the data to a Ricker model of the form: 

where: R is the return index 



E is the escapement index 
WT is the winter temperam index 
PE is the previous brood year escapement index 
E is the error term 

Inspection of a plot of the predicted return as a function of brood year escapement index revealed an 
unsatisfactory fit: the predicted curve underestimates the high returns and overestimates the low returns 
for the years 1987-88 when the brood year escapements were very high. Figure 7 shows a plot of 
observed and predicted returns as a function of brood year escapement index. Observed and predicted 
values are fit separately with a model-free smoothing spline to help aid the visualization of the underlying 
pattern. Figure 8 shows observed and predicted returns as a function of year. 

Because of the poor fit, the standard Ricker model was modified to include another parameter, y, and takes 
the form: 

This modification was suggested by Paulik (1973). The parameter y allows for greater flexibility in the 
model fit; in particular, it allows for a steeper descent of the "right arm" of the curve than does a standard 
Ricker model. Paulik interpreted this parameter as "an index of density dependence at mid to high stock 
levels". 

The model was fit using variance-weighted non-linear regression Because the nonlinear algorithm did 
not converge for the full model, y was estimated by trying a range of integer values and then choosing 
the value that gave the best fit. This value turned out to be y=6. Because we are interested in predictions 
rather than parameter estimates per se, we view this procedure as acceptable. Variance-weighting was 
deemed necessary because the residual plot showed extreme heterogeneity of variances. If we assume that 
E is normally distributed, then eC will be log-normally distributed. This equates to a variance-weighting 
scheme where an observation is weighted by the inverse of the square of the expected value of that 
observation. Expected values are estimated as predicted values. The process is iterated as predicted 
values and hence the weighting changes (Carroll and Ruppert 1988). 

The fit of this "generalized" Ricker model was appreciably better than for the standard model. Figure 9 
shows observed and predicted returns as a function of brood year escapement index, while Figure 10 



shows observed and predicted returns as a function of year. The residual plots were also satisfactory with 

no model defects evident. The predicted return index for 1991 was 72.7, with a standard prediction error 
of 27.1. An approximate 80% prediction interval is then given by: 

where a=.2, STDI=27.1, and z.,=1.28. Hence, an approximate 80% prediction interval is 72.7 f 34.7 = 

(38.0, 107.4). 

An alternative method of fitting a Ricker model is to log-transform both sides of the equation. This 
yields: 

This can then be fit using multiple linear regression (finding y as before; in this case y--5 gave the best 

fit). The point prediction for this model was 69.5, with an approximate 80% prediction interval of 41.9 
to 115.4. 

The predictions and intervals are very similar for both methods. The results from the non-linear regression 
were chosen as the official prediction because of the slightly smaller prediction intervals. 

Northern Southeast Alaska 1991 Forecast 

The return forecast for northern Southeast Alaska is 24.2 million, with a 80% confidence range of 16.9 

to 34.6 million. This will be the second year that fry length data from the Tenakee Inlet early marine 
program is being utilized for predictions. The correlation between fry length or weight during the May 
16th through May 31 time period and apparent survival as measured by return per index spawner was 
noted in earlier years but not included in the official prediction because of the relatively small data base. 
We now have eleven years of comparative data, and the correlation continues to remain strong (RZ = .76, 
8 degrees of freedom). Because early marine fry data is being utilized, the number of years incorporated 

into the regression formula had to be reduced to 11 (return years 1980 through 1990), as comparative fry 
data is only available back to 1979. 

Figure 6 is a graph of return predictions for northern Southeast Alaska using linear regression for the 

model: log of return as a function of log of brood year escapement and fry weight. The figure shows 



the predictions obtained when only one independent variable (fry weight) is used, and when two 
independent variables (fry weight and escapement indices) are included in the regression. The graph 
shows that the vast majority of the variation in return is explained by variation in fry weight; but including 
the escapement index into the regression does improve the RZ from .64 to 33. Although brood year 
escapement index does not explain much of the variation in the subsequent return to northern Southeast 
(R2 = .04), including the brood year escapement index into the regression analysis with fry size does 
explain a significant ( p=.04) amount of additional variability. The average error (sign ignored) over the 
11 year prediction period with just fry size in the model was 4.9 million. Including escapements into the 
model reduces the average error to 3.9 million per year. 

EARLY MARINE SURVIVAL STUDIES 

Tenakee Inlet 

The 1990 early marine survival studies in northern Southeast Alaska was expanded to include Peril Strait 
in order to determine if the variation in fry size between years, noted in Tenakee Inlet, is present in other 
major estuaries of northern Southeastern. Peril Strait is a large body of water opening onto Chatharn 
Strait, as is Tenakee Inlet. Pink and chum salmon were observed in large concentrations in the same types 
of habitat as in Tenakee Met. 

Methods 

Fry abundance in Tenakee Inlet was monitored once each week, weather permitting, by conducting visual 
surveys along the shoreline at Cannery Point and at three other sites in Tenakee Inlet. Three new sites 
were chosen on the north shore of Peril Strait within 3 miles of its confluence with Chatham Strait (Figure 
11). Fry were counted by a person wearing polarized sun glasses and standing in the bow of a 4 meter 
skiff. The skiff was piloted along the shoreline in water as shallow as possible, at speeds less than 3 
knots. Numbers and locations of fry were recorded directly in field note books at the time of observation. 
Fry samples for weight and length analysis were collected with a beach seine. The seine measured 38.5 
m long by 1.8 m deep and had a uniform rectangular mesh of 3.2 x 6.4 mm. Fry samples collected for 
length-weight analysis were preserved in a 10% buffered (sodium borate) formalin solution. 



Results and Discussion 

The average length and weight of fry collected in Tenakee Inlet and Peril Strait, for the entire month of 
May, and by half month time period is presented in Table 4. This represents the total number of fry 
collected using all gear types (beach seine, purse seine, lampara seine, and dip net). Fry from the earliest 

years were collected primarily with dip nets, while those from the later years were collected mainly with 
beach seines. 

The number of pink salmon observed at Cannery Point in Tenakee Inlet, and in Peril Strait, by statistical 

week, by year, is shown in Table 5. Peak and mean surveys for statistical weeks 18-22 were the highest 
for the study period in 1985. Both the peak survey count and the average count during statistical weeks 
18 through 22 were below average in 1990. No correlation has been found between the number of fry 
observed and the number of pinks returning to Tenakee Inlet. The inability of observers to accurately 
estimate the number of fry present in large schools may be responsible for this lack of correlation. 

Temperature and salinity data have been collected in Tenakee Inlet for most years at the same location 
near Hill Point at the outer entrance of the inlet. Table 6 lists the temperature, salinity and secchi disk 

measurements taken at that location. Temperature and salinity measurements at a 1 meter interval, for 
1990 are listed in Table 7. 

Pink salmon fry in Tenakee Inlet increased from an average length and weight of 34.9 mm and 303.4 mg, 
respectively, on May 2 to 45.4 mm and 801.0 mg on May 28, for an average growth rate of 0.39 mm per 
day in length and 18.4 mg per day in weight. In comparison, the 1989 fry grew at a rate of 0.26 mm and 

11.5 mg per day. Pink salmon fry in Peril Strait increased from an average length and weight of 39.2 mm 
and 487.0 mg, on May 9 to 44.4 mm and 763.2 mg on May 30, for an average growth rate of 0.24 mm 

per day in length, and 12.6 mg per day in weight. The above are not true growth rate computations since 
newly outmigrating (small fry) are continually moving into the sample areas. 

No useful relationships have been found between the number of fry counted during the early marine 
program and the subsequent adult pink salmon return. There is however, a strong relationship between 
fry size and return. Figure 6 shows the results of predicting pink salmon returns to northern Southeast 
by utilizing a linear regression analysis with the weight of pink salmon fry collected during the May 15 
through May 31 time period as the independent variable. The relationship results in an 3 value of 0.65. 
Utilizing fry length or weight as the independent variable in the regression makes little difference since 

the two are correlated with an R~ value of 0.95. Figure 12 shows the relationship between the average 

weight of pink salmon fry collected from Tenakee Inlet over the May 16 through May 31 time period and 
the survival of pink salmon in northern Southeast as measured by return per index spawner. 
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Table 1.  Southern and northern Southeast Alaska harvest and escapement in thousands, and return per spawner, 
1960-89. 

Southern Southeastern Northern Southeastern 
Harvest Escapement Return RTN/SP Harvest Escapement Return RTNISP 



Table 2. Southern Southeast Alaska pink salmon escapement by district and year in thousands of fish. 

District SSE 
101 102 103 105 106 107 108 Total 

Goal 2,000.0 600.0 1,700.0 500.0 600.0 600.0 6.000.0 



Table 3. Northern Southeast Alaska pink salmon escapement by district and year in thousands of fish. 

District NSE 
Year 109 110 110 112 113 114 115 Total 

Goal 600.0 1,000.0 500.0 600.0 1,600.0 500.0 4,800.0 



Table 4. Average length and weight of pink salmon fry captured in Tenakee Inlet and Peril Straits. 

M a y  1  through M a y  15 M a y  16 through M a y  31 M a y  1  through M a y  31 
Length Weight Sample Length Weight Sample Length Weight Sample 

Year MM MG Size MM MG Size MM MG Size 

Tenakee Inlet 

Peril Strait 



Table 5. Tenakee Inlet early marine fry surveys at Cannery Point in thousands. 

Statistical Week Peak Weeks 
Year 15 16 17 18 19 20 2 1 22 23 24 Mean Survey 18-22 

1980 3 5 127 59 86 23 127 73.8 

1981 2 7 42 81 8 8 13 8 2 81 30.4 

1982 10 20 500 400 200 25 31 15 500 229.0 

1983 9 2 16 48 130 141 155 120 155 118.8 

1984 185 185 58 221 74 221 117.7 

1985 123 756 1,036 516 1 1,036 486.4 

1986 39 188 221 95 319 145 319 172.4 

1987 5 1 45 166 43 37 166 47 166 91.4 

1988 171 103 4 1 75 278 278 97.5 

1989 232 206 64 745 83 68 745 233.2 

1990 211 298 286 78 140 298 202.6 

mean 4.7 62.3 63.3 95.7 224.6 306.9 132.5 100.1 101.8 8.5 357 173.7 

Table 5a. Peril Strait early marine fry surveys in thousands. 

Statistical Week Peak Weeks 
Year 15 16 17 18 19 20 21 22 23 24 Mean Survey 18-22 

1990 Area #1 

Area #2 

Area #3 



Table 6. Temperature salinity and secchi disk reading from Hill Point in Tenakee Inlet 

Date Secchi in Meters Temperature in C Salinity in 0PO 

05/03/83 
05/06/83 
05/09/83 
05/14/83 
0511 7/83 
05/19/83 
05/23/83 
05/26/83 
05P 1/83 
mean 

05/08/84 
0511 7/84 
05/2 1/84 
05/3 1/84 
mean 

05/01/85 
05/06/85 
0511 3/85 
05/20/85 
05/29/85 
mean 

05/07/86 
05/14/86 
05/21/86 
05/27/86 
mean 

05/05/87 
05/12/87 
05/19/87 
05/26/87 
mean 

05/03/88 
0511 1/88 
0511 7/88 
05/24/88 
mean 

05/02/90 
05/07/90 
05/14/90 
05/22/90 
05/28/90 
mean 



Table 7. Temperatures and salinity reading at 1 meter intervals from Tenakee Inlet and Peril Straits. 

Secchi Tanperature 
Date Location in Feu Salinity 

Tenakee 

Tenakee 

Peril Strait 

Tenakee 

Peril Strait 

Tenakee 

Peril Strail 

Tenakee 

Peril Strait 

temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 
temperature 
salinity 

Depth in Meters Tenakee Peril 
Surface 1 2 3 4 5 6 7 8 9 10 Inlet S~rait 

9.0 8.5 8.0 7.0 6.5 6.0 6.0 6.0 5.8 5.5 5.5 05/02/90 

34.0 23.5 24.3 23.0 26.5 27.5 27.0 26.5 26.3 26.5 26.5 
8.0 7.8 7.7 7.5 7.5 7.0 6.3 6.0 5.8 5.6 5.6 05/07/90 

26.1 27.0 27.2 27.2 27.5 28.9 29.0 29.7 30.0 30.1 30.1 
7.8 7.4 7.2 7.0 7.0 6.9 6.9 6.9 6.8 6.8 6.8 05/10/90 

28.5 28.9 29.2 29.4 29.4 29.3 29.3 29.3 29.5 29.5 29.5 
9.5 9.0 8.5 8.0 8.0 7.2 7.0 6.8 6.6 6.1 6.0 05/14/90 

28.5 25.3 27.4 27.4 28.5 28.9 29.5 29.6 29.8 29.9 30.0 
8.5 8.0 8.0 7.8 7.6 7.5 7.2 7.0 7.0 6.9 6.8 0511 7/90 

23.5 23.0 29.0 29.1 29.2 29.4 29.7 29.8 29.8 29.9 30.0 
10.0 10.0 7.6 7.3 7.2 6.5 6.1 6.0 5.9 5.8 5.8 05R2/90 
26.2 26.2 29.0 29.0 29.2 29.6 30.2 30.1 30.1 30.1 30.1 
9.0 9.0 8.1 8.1 8.1 8.1 8.1 7.5 7.3 7.2 7.2 05R4/90 

28.6 28.6 28.3 29.0 29.0 29.0 29.0 29.5 29.8 29.9 29.9 
11.2 10.6 9.1 8.4 7.9 7.9 7.8 7.6 7.6 7.2 7.0 05R8/90 

25.3 25.3 27.6 28.7 29.2 29.6 29.7 29.9 29.9 30.0 30.2 
10.8 10.0 9.8 9.0 8.2 8.1 8.1 8.0 8.0 8.0 8.0 05130190 
28.9 31.5 29.8 29.8 30.2 30.3 30.3 30.3 30.4 30.3 30.3 



Figure 1. 

1900 1910 1920 1930 1 940 1 950 1960 1970 1980 1990 

YEAR 

Northern and southern Southeast Alaska pink salmon catches with decade averages (1900-1990). 
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Figure 2. Southern Soulheast Alaska pink salmon escapement index and escapement goals by 
district and year. 
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Figure 3. Northern Southeast Alaska pink salmon escapement index and escapement goals by 
district and year. 
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Observed and predicted return to southern Southeast Alaska with return year 1967 through 1986 in regression model. 



Figure 5. 

escapement = escapement index * 2.5 

brood year escapement 
(Millions) 

Spawner recruit relationship for pink salmon returning to southern Southeast Alaska. 



Figure 6. 

60 
1 log (RETURN )= -23.3 + (FRY WEIGHT .05) + log (ESC. INDEX 2.18) R* = .83 

YEAR - OBSERVED RETURN --€I- HINDCAST MODEL 2 + HINDCAST MODEL 1 
x PREDICTION MODEL 2 A PREDICTION MODEL 1 

Observed and forecast returns to northern Southeast Alaska using fry weight and escapement. 



Figure 7. 
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Ricker model predictions to southern Southeast Alaska as a function of Brood year escapement index. 
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Figure 8. Ricker model predictions to southern Southeast Alaska as a function of year. 



Return vs Brood Year Escapement 
Modified Ricker 
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Modified Ricker model predictions to southern Southeast Alaska as a function of brood year escapement index. 



Figure 10. 

Annual Return: Obsewed and Predicted 
Modified Ricker 

Year 

Modified Rick model predictions to southern Southeast Alaska as a function of year. 



Figure 11 .  Major fry collection sites and oceanographic stations in Tenakee Inlet and Peril Strait in 
1990. 



Figure 12. 

. + ,  Weight in milligrams 

Size of pink salmon fry captured in Tenakee Inlet and subsequent return per index spawner. 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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